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•MATHEMATICS IN THE -TECHNICAL SECONDARY 
SCHOOLS IN THE U'NITED STATES. 


PART I. 


INTRODUCTORY. 


The secondary technical sc1uk)1s of the United States, because of 
their heterogeneity, present j)e(;uliar difficulties tt> im investigation 
along the lines laid down by the Jnk^rnatiornd ^^ommission. While 
such schools have existed for many years, it is particularly Avithin 
the last tlecade tliat a great increast* in their ninnbt'rs has taken place, 
for it is within that period that the tendency to break away from 
the thiditions of the general secondary schools and to bring' the 
schools into close contact with industrial aiui commercial life, rather 
than to raise to a maximuifi their efficie/f^ in furnishing preparation 
for higher education, has become a rnovcment of sufficient strength 
to alter esstmtially the character of existing schools and to determine 
that thosiMTcwly established. 

The “ nianual training liigh school ’’ is the oldest of (he important 
types of public secondary technical schools in the country. As a type, 
moreover, it is the most conservative of the scb(H)ls io l>e considered in 
this report, jn that to a large extent tlic traditions of the general sec- 
ondary' school have been retained and the function of riie school as 
an instrument of preparation for higher education emphasized. The* ^ 
ideals of this type of school are essimtially scientific rather than clasr / 

^ sicai or teclmical, ^ » 

At the other extreme stamls the ‘‘ trades school," a tyj)e which is 
in its infancy as a public institution but examples of which have 
exteted for many years as privaj:e or endowed institutions. Here the 
-aim is priinurily that of training for immediat(' entrance into a defi- 
nite trade or trades and for efficiency in the work thereof. The school 
is not, or is not primarily at least, Xin intermedfate step in the stu- , 
dent’s progress toward higher education. 

These types represent the, extremes. It must, however, be repent^ 
bered that the lines of demarcation are by no means sharply drafwn 
and that rigid classification is, at the present time at least, scarcely 
possible. . ^ - 
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MATnEMATirs TN TECHNirAT. PE(’ONn>ARY SriIOOI>^. 


' Tho schools just meiil ioikhI juv in tlu* province of subcoininittcc 1. 
The schools considered l)y siihcomniittcc *J f;ill into three classes — 
high schools of commerce, coinniercial department^ of general bec- 
ondary xhools^^nd private eohimercijil schools (the M)-called lijiisi- 
• ness colleges”). On th<ni>‘ schools, too, though to a less extent, the ' 
influeiice of the traditions of the gr ’ cral secondary selux)! is in evi- 
dence at one end of the series, while at (In’ other (‘nd. the ideal of the 
trader; school, i. e.^ training for imin(‘diat(; hnsiness activity, is 
- dominant. 

The Mvondary agi‘icnltiiral schooK studied ]>y siil>coniniittee 3 are 
of recent origin. More than sch(X)l< of the oHier two classes they an* 
supported in whole or in part hv State rather tlian by nmnieipal 
approi)riations, and cons(‘quent ly^jie to a gr(*:it('r extend tinder State 
snjtervision*. Their object is to provid(‘ such nn education for tier 
youth of the agricultural eomnunyty an- will tend to retain him in tliat 
community as an eflicient incinher thereyf. In const'quence. except in 
* sp far as they lead to, the agricnltnral ci)l leges, their t(‘ruh*ncv is 
towanl producing immediate vocational (‘diiienVy ratlu*^than to serve 
as a step toward higher (‘ducat ion. ' ^ 

Tn view of this d%'ersity it may well he asked Xv]u\i there is in 
common among these seluml^ that jnstilies their imdii'^ion in tho* 
saine"categor}\ The ohvions answer is It lint the schools in (piestion 
are the most recent result of that mo\'euieiit which has leyl to the 
establishment of the t(*chnical coll(*ges and the bfoadcniiig of the ^ 
curricula of the classi(-al (ailleges and s(*condar\' schools, narnedy. the 
movement toward bringing the instinct ion within the school ink) 
closer contact- with the phenomena and pigblems of life outsyde the - ^ 
school, and toward making the knowledge gained in the school more 
immediately nsefiil to tlu* fVii])il when lu* leaves, 


AIM OF THE MATHEMATICAL INSTROCTION. 


With the wide difference's in general object which exist in the 
technical secondary schools aie naturally associ^ed similar differ- 
ences in tho aim of the mathematical instruction ^rcin. 

The schools show* in different degrees tho common tendency to 
emphasize the utilitarian sifle of the subject. I^arge, well-organized 
schools whi'ch form an integral part of a municipal school system 
or are controlled by university authorities, while recognizing the 
utilitarian side and proyiding'for it by suitable selection of problems-^ 
and correlation w ith the work of the ^technical 'departments, also 
emphasize th^ logical element of the subject and the important of 
mathematics as an independent science. . ^ 

There 'are schools in which, if the character ofHhe text used' 
any indication, the formal element is predominant; and on the other , 
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MATHEMATICS IN TECHNICAL SECONDARY SCHOOLS. ‘ 7 

hand, as in the trades schools and the prwate commercial schools, the 
aim is mainly to produce accuracy and speed in the application of. a" 
limited range of matheinatit:al fainciples Jiio the j)i’obIejiis of a definite 
trade or occupation, 

‘ The situation may he illustrated by the following quotations from 
information furnishetl hy various scIuk)1s: 

(1) The (‘IkIs to be aflainetl are the knowleilgo of a body of KWinotrlCiil truths 
to ]Jc ustMl in the disrovery of uew truths, the j tower ht/lraw cornK.‘t inferences 
from plven nromlses, the jtowor to use al^ehraic processes as a means of finding 
rohults 1^* i>ractlcal pr(t!)lems, arwl the awakening of interest In the science of 
niatlicumtlos. 

(2) In matlioniatics twtt ends tire constantly kejit In view; First, stimulation 
•of^liV inventive pieulty, exercise of judgment, devehipment (tf logieiil reusonbig. 
and the habit of coucist» statement^ st?C(UidJtbe aswuMallon -of tjie l)i4llht'hes ot 
pure-niatheniatii-s with ouch other and with applied sciencc\ tliat the pupil niuy 
stH* clearly tiic true rebitions of principles a ml things. 

(:i>- It is the aim ♦ ♦ • to give that kiiowUMlge and training to the 

HtmUints that slmll make tiiein c:ii»ahle men, ready tt> meet successful 1>V he prac- 
tical ipiestions of everyda^’ life, and to solve Intelligently the problems con- 
stantly arising in nthee. fact?>ry. niul fleld ; hence, the practical side of mathe-^ 
unities Is einpliaslztKj rather tlniu the purely tluHiretlcal. Abstract niathemutlcal 
tllsc'ussioiis. as such, are avoidtHb e.^ejft as they are necessary to a hotter com- 
prehonsitm of results, and then they are uniile ly^ dlrwt and clear as iiosalble. 

Stress is placod ui»on the aiipllcatlon to niechaiiical, physical, and electrlcnl 
pfohlenis. but it is Iiit(Midttd tliat the instmetitm shall be of sufli a character ns 
to give the student jmwor mid incentive to i»erforui orUhiarj* mathematical 
w^’rk witli cmithlence, pnH.'lsloii, and snm*<*ss. 

’(4) In the courses In nmtheinatlcs the uinlu puriK)st» Is to train the students, 
not to prove jiroiiosltlous and fonmilie, hut to, make Intelligent use of these 
propositions and foripuhe in the soUitUm of origiual problems. 

^ tro Tliey must know enough of matheniattl's. drawing, and science to Insure 
intelligent, iirogrt^sslve workmanshtii, as eoiitriisletl with rule of thumb methods. 

((>) 'We aim to give tlieni some idea of the snbjtvt of elementary mathe- ' 
niatics witli siKH iiCl Tefereuce to Us ai>pllcatlon Injt'chulear studios. 

(7) The aim of the courses Is twofold: First, to tench ^he methods of com- 

put^tldu necessary for the solution of comnmn problems arising In^shop practice; 
smmd, to presem In rtuuh'nsed form the essentials of algebra, geometry, hnd 
trtgouemetry fot the benefit of those who |inve imt had a lilgh-school training, 
and to show the applications of these sub>‘Cts to the inoT(? advanced types of 
shop^robleins. ^ 

(8) The practical Ifesults of the are usually the acquisition of certalri^ 

“rules of thunib ’’ which are lmmjHlh\tely avullable In the ^rade \wjrk of the 
student.' There U probably no very great Increaso In mathematical ubllUyT 

(0) The course In mathematics la d^Igiied: 

First, to develop hi the pupil the twwer of !udei>endent thought, to cultivate 
the Inventive fa<?uUy, and to inculcate the habit of clean concise, logical state- 
m^t To this end the course is so arranged that the graphic, concrete branc^^ 
of the subject pnJede those that are abstract and analytic.. 





♦ 

III schools where curricula are arranged with more or less reference 
to the entrance requirements of the colleges, algebra, geometry, and 
trigonometry receive abouMhe same amount of time as in general 
secondary schools, viz, one year each of elementary algebra and plane 
geometry, and one-half year each of advanced algebra^ solid geometrj', 
and trigonometr}\ A' years work ordinarily represents five exer- 
cises per week for 33 to 40 weeks, i. e., a total of 165 to 200 exercises. 
The length of the exercises is from 4X) to 50 minutes. • ^ 

The data accessible render a precise statement of the division of 
time between the two algebraic subjects and between the two geo- 
metric subjects impracticable. The more advanced subjects are occa- 
sionally omitted, and in this case the tendency ap]>ears to be toward 
^ the retention of solid geometry and trigonometry rather than ad- 
vanced algebra. 

The schools to which the above statements' apply are' ordinarily, 
thougli not necessarily, of the type known as '* niamial-training '* 
schools, as distinguished ffom the^' twTinical,'' industrial,-’ or 
‘"trades" schools. 

These latter schools, as well assomex»f the manual-training schools, 
prefer offer a course in arithmetic’^ of from 50 to 200 exerciser. 

A few schools present courses in so-called “shop matheoikics,” 
the nature of which Uppears from the follo^wing outline takep.from 
^ the circular of a trades school : 



\ 


COCRSK 1. Kl.KMr.MARY. — SHOP ARITIIMimC. 


Tiiis conrso oomprlffosi work with rommon iiml decinmi fractions, imonsure- 
inonts, iiercGntflije. ratio niwl prtUHirtlon. stiimre and cube root ; applying these 
principles to such shop problems ns gearing— simple iind ciimiwuncl; how to 
select gears to cut screws and siilrnls; computations on the lever, Including the 
lathe Indicator, lever safety valve, the Prony (jruke; pulleys and hoists; simple, 
couuxinDd. an 5 l dlGEereutlnl Indexing with the mMllng machine; projblems coo> 
nectetl with the 8i>eed lathe aud engine lathe; couipntln^f the borpeiwwer of 
steatn engines, electric dynamos^ and motors. j 

COURSE II. ADVANCED.-^AI.OraRA. C.B»1HETBY. AND TRIOONOUKTBY. WITH ^V^ICATIONS 

TO 8HOP\/OBK. 

This course Is t^n to those who have complefed Course 1 or who ^nve had 
a preparation equlviilent to a good grahnnar-whool education. It treats of Uie • 
most ^topo^tant principles of aigrbm, especially of the equation as a means«. 
of solving problems and of the derivation and use of formulas. / The practical ^ 
side of ocofiftetry la next taken, emphasizing the metho^ of finding areas and 
volumes, weights of bars of various shapes and materthls,, heating surface of 
hollers, etc. 'The last half of this course Is spent on trigonoinetry. Including 
the use of logarithms and logarithmic tables and emphaslzlng/the applications 
of trigonometry to the more advanced types of shop problems.' 


The privajte commercial schools give no mathematics but arithmetic 
and commercial arithmettc; the commercii^ departiti.ents of several 
secondary- schools give commercial arithmetic and sometimes al^bra 
tad geometry; while the si^ools oi oomme^V always pve 
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commerckil arithmetic and a course in algebra and offer geometry and 
trigonometry as elective subjects. ^ ( 

The agricultural schools generally give one-half to one year's 
work in arithmetic, usually with reference to the* problems of farm 
life, e. g., far^ accounts, mensuration, bookkeeping, etc. They ordi- 
narily give the same amount of time to algebra and geometry as do 
otHer secoiidary schools. Ad vh need nlgt*bra is ot'cn'^ioiudl v gi'cu, 
trigonometry in about 25 per cent of the schools, freqtieiitlv with 
wference to its use in surveying. 

' • Analytic geometry and the calculus are seldom given excei)t in 

^hools which properly belong in the province of Committee IX 
in that their work, while not leading to a. degree, nevertheless covers 
the first twt) years of the work of the higlier technical schools. 
Except for these schools, the subjects mentioned are offered only in 
courses preparatory to the colleges,- - 

The history of mathematics is si>ecificjdly mentioned i)y only one 
school (and that a school for girls) and is given in connection with 
the regular work in algelrra and geometry. 

As to* the matter of corndation of the mathematical subjects among 
themselves or with other subjects, it would ai)[)ear that it is rwcessary 
to distinguish betwwn the actual state of affairs and the tendencies 
• at wdric. Tajlfhig the schools as a whole, it may fairly bt» said that 
^ systematic correlation is not widespread. The principle of correla- 
tion, however, is generally regarded wdth favor, but as ii rule it is 
not systematically applied, except where the relation of the subjects 
(e. g., commercial arithmetic and b<K)kkeeping) is so obvious that 
^he nece^ty is ‘apparent. In so far as the term correlation " indi- 
^cates use of problems tAken froin'*the applied sciences or from dailv 
life, there is fairly general application of 'the principle, but in tlu- 
sense of systematic coadaptation of mathematical and other courses 
it’ is not generally applied.’ 

pPhe situation n\ay be illustrated by the following quotutious: 

(1) On'vUie technlcnl aide tlie pupil (irtlculatea tbe inutliematU’s with the 
work of the draft log room, shop, doiueatlc aclence, ami doHieatlc art. Tenrbers 
of technical Subjects are In oonatant toucl^'lth the mntliemnf It's deiuirtuu'm. 

. anticipating problema which will ar!»e and reporting Imnieil lately to that 
departinent any weakness shown by a pupil In problem or principle. 

(2) In this work a great'd^l of titne will be spent In mborab^^ry study, so 
that the pupil will obtain such a first-hand knowledge of the sjibject that he 
can afterwards readily and ^clently apply^ It In the shops and laboratories. 
No sharp distinction will be drawn between algebra, geometry, etc., but the 
dlffer^t methods ^11 be treated merely as various ways of getting af the 
nme thing, of which one way may be the more useful In one case and another 
method thht best adapted to deal with another situation. At all times the 
work to math^tlcs will be kept in cloke^tonch with the shopwork; the aim 

^ will be to eo train the popll that he can nee his mathematics in the JbOD 
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Tlu'se statements are made by schools which strongly emphasize 
the principle of correlmion. Both are recently organized schools. 

^ On the other hand, we have in answer to the question, “Are any 
systematic attempts made to correlate mathematics with other sub- 
jects? ’’ the following: 

(3) Some, blit more later. 

, (-I) In past, 2;i cents oii the dollar ; will nim to do better in future. 

In nmny (*ases thi* answer was a flat ‘‘ Xo." 

The chairman of the roiuniittiv i.s of the opinion, ha.sed on internal 
contradictions in (he evidence submitted by the sc1k)o1s, that no satis- 
factory conclusion as to the natun* and n^sults of the application of 
the jirint'ij'ile of correlation can Ih> obtainetl cxcejd on the basis of a 
>tiuly of a (‘onsiderable iiuinlH*r of scIukiIs, this sttiJy to be made by 
’ a single individual or a small comrnittiH* and on the spot. 

EXAMINATIONS. 

There is no evidence to' indicate that oNinninations are to any 
extent ii>im 1 as the sole means of deterinitiing the proficiency of the 
]Hipil. They are nsed as anxiliarie> for that purpose, but the re-' 
'sults arc combined with those, of daily work. They are ordinarily 
written, may be from 40 minutes to 4 hours in length, and occur 
from dO to ‘2 times ])er <^’car. The tendency is toward relatively 
frequent examinations, not exceeding 2 hours in length. 


METHODS OF TEACHING. 


The movement which has fed to the establishment of the second- 
ary tiVhnieal scliools finds its principal expression in the emphasis 
laid on the concrete. Conse(iuently one should expect to find, and , 
does find, that increasing attention is paid to the concrete element of 
the instruction, both in niaterml and method. Nothing, however, 
could be further from the truth than an assertion that m a cla^ 
those schools hajre developed and are using method.s of instruction 
widely different from those of general set'ondary schools. Certain 
schools, it is true, have dcveloptVl such methods; the majority have 
not. ‘ . " 

The ihfmzflmtion derived from the questionnaires is not extensive 
or details enough to warrant detailed statements. The basis of 
I he abo^ assertions lies rather in the^dii'ect and iiulirec^t evidence 
contained in the catalogues of the schools. 

As illustrations' of such evidence the following statements are 
(juoted : ^ 

(1) In mathemattciB nre given ncqnalntance with the language of 

iimtht^tlcal aymbola, caUed fommlce, la which probleniB and laws Involving/ 
hi stae, time, force, and the .Ilka are frequently stated. They are >u«ht 
'ondtfBtand theae fonmUio^ to aolre probiema so vtat^ 
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MATHEMATICS IN TECHNICAL SECONDARY SCHOOLS. . 

• mathematicn 1 symbola Id the statement ami sol ut Uni of new problenjB. Pupils 

are taagbt also to state and solve prohleins by >crai»lii( ill nioilimls, i. e., by # 
scale drawing? or by the graph, ami I ninied lately to solve the snuje by the 
algebraic methods of the equation or the projKjrtlon. The laipll lM‘comes 
familiar with the standard geometrical forms, the laws of their strueture. 
measurement, and relation to other forms, ami acquli’os tin* i^iwer to state 
these- laws algebra lea I ly, together with some ability , to- nmkt^ a clear and 
logical proof of the truth of geometrical theorems. Geometry and algebra are 
carried along together for tvs'O years ami u part of the third. In the llrst 
year the geometrical laws and concepts funilsh much muterlal for developing 
algebraic problems and prwesscs. In the second year algclmi Is wsah\ t«> 
develop geometrical theorems, and to fix them In mind through use. TJie 
sc^hool offers a continuous four years’ course of elementary hiul advaiieo<l 
algebra, plane and solid geometry, and plane trigonometry. 

In the classroom a H*oinbiimtion of lalMiratory. recitation; ami examination 
methods Is employoil. The tluniry of a new snbjet^’t, esj^tHiAlly In the earlier 
years. Is usually tleveloiH'd by tlie instructor; and home wnrk Is assigned t*» 
clarify ami Impress It. and to enlarge Its ai»pUcatU>n. The iiitMlnni nf ;»ppi-n;p li 
to new subject nmtter Is. iti general, that of Indnct'on, the particular leading 
to the general, the concrete to the ahstnict. Deductive work In'^-nnies ui'»re 
prominent In the late years. 


(2) Throughout the entire course tlds study (mat hematics) will he pur- 
sued ns a means to (pnintltatlve doterudnatiou In the workshoj>, hihoratory. 
offlt‘e, and cmmtlngroom. .Much of the Hlucational val\ie lies In the grasp # . 
w^hlch Is gives the students of quantitative relations. 

Objective w'ork will IntnHiuce new subjects, so that there may he h npioinil 
basis for Intelligent use of symbols anj^Nfi thorough conception of the power 
' of the equation. Koniuilie should be dtHliiced from relations actually seen, 
so that the pupil may discriminate betwmi the abstnut fonimln and its 
concrete practical relations to real things. 

The boys of our school will have several wwks of <‘oiistru(ilonnl geometry 
work at the beginning of their nuKhnnlcnl draw lug. iiilH helps to lay a gmal 
foundation for demonstrative g(H>metry, as well as to be of great practical 
value In their future use of drawing. 

Supplementary exercises are*g!vcn to show some of the us<*s of algehni In 
the natural sciences. Correlation between algebra, gt*onietry, a ml the sciences 
is shown wherever i>o8sibte. The graph and some #f Its uses arc taught hi 
linear equations and in easy quadratic equations. 

In geometry the pupil will to a cousUlerahIo extent originate his demnn- 
t stVatlfms instead of simply memorizing those of ♦he ntithor. Mo<lel proofs will 

he given when neceswiry to tench goml form and logical urgmuents, but as .a 
rule such demonstrations will be given only when the pupils \voiVld t>therwise 
b^at a loss to know how to proceed. 

When n class In trigonometry has develo|>etl the working formulas It does 
most of its problem work in the hold with the Irausit. leveling rod, and taiH‘- 
llne. Much of the work Is plotted to scnle, „ThU work is found to be interest' 
ing and practical ^ % 

VIBST YKAS. 


Firnt term. Algebra to simple equations, including the application of fac- 
toring, In almplifying fractions, and in^solving easy quadratic ^nations of ono 
unknown quantity, ^ 

Second term, Algebna to ratio, including eas}* eterrises taken from the 
physical and chemical laboratories, The almfi^er oi t^e graph will he 
taniditto^ 
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SECOND VKAB. ' 

rirst term. The first two books of plnne geometr}C Sp^lnl nltentloiiMvlI! 

given us to w hut constitutes a rigid proof. Suggestions are given on method s 
nf attacking protM)sitinns nml problems. Neat, accurate fonu work will receive 
siuK-lal att(‘iiti(m. and imvUs will be required to bisect Hues, jingles, en-ct i>er- 
peiuliciihirs, :unl draw parallel Hues by oofual/y Vftitrg compaHsai and rutrr. 

Scrond term. IMiuk* gtM>metry C‘oinpIeted. ^Vo exi>ect most pupils by this 
trim* to 1)(‘ able Id do oonsideraMe work on their own initiative; to be able to 
)iav(* soir.e di'frnnlimtloiv to mastei' a i>roi>ositlon set before them, 

Tlf piactical upplicatlous of the subject are shown whenever possible to 
do so. 

1 IIIRI) YK\K. 

I'ir.'tt term. Solid geometry. 

iSfrrbuft trnn, Kleiueut a r>‘ algt'hrn Cfuiipletcd. Tliis Im*ludes ratio, proiM)r- 
lion, variation, inmginnries, series, partial trentinent t*f l^onir'l theorem, 
logarithms, review, 

^ FOIRTH YKAH. 


tlvMt trrm. (1) Plane I rigomunetry. IV'veljtiinuMit of formulas. Fieldwork 
wttli tniuslt, leveling nnl. mid tat>ollne. 

(2) Higher algebra. ‘ , - 

fn-m. (1) Descriptive astronomy. A brief, simi>io. and accurate 
account of the heavens as they are known to-day. It Is Intended only for 
high-school pupils, ami to give, some Inforuiutlon on the subject that Is needed 
for the jK‘iw)n of ordinary culiure. Interesting facts will be studied, but no 
attempt can U' made to gain any clear conception of the proct^sses by which 
rin* fundamental trntlis of astronomy have been esTablIahe<l. The methods of 
disc'overing the wonderful truths of this subject belong to the advnm^ed student. 
(2) Higher arithmetic for tliow? vvlio exi>ect to b<H'ome teachers. 

Xoxp.—Tlie forma turn of tb«*se ('lasses deiiemls on the number of pupils who 
'•an arrange their progrnuis so that It would justify the taking of a teacher’a 
time from the crowded classes iu first, second, and third years. 


These quotations indicate wlint is done in certain schools which 
liave paid nnioh attention to the development of methods. 

On the other hapd, there are two sources of evidence fur the 
statement that the schools as a class have not developed special 
inetliods of instruction. The one is the negative answer in the an- 
swers to the questionnaire; the other is in the lists of tcxtbook.s. 
The use of texts dominates the instruction in the majority of Ameri- 
can schools, and Imnce theVnatiirc of the text is to some extent an 
index of the character of thxti’ncl'*ng- one finds, ns is actu- 

ally the case, a widespread use of a few texts in which the treatment 
is essentially abstract and the problems constructed wiHi small ref- 
erence to other than formal requirements, it is a justifiable inference 
in the nb.senoe of evidence to tire contrary that the instruction in the 


sclhools using these texts is not markedly different from that in 
general secondary schools using the same texts, and this inference 
is strengthened by detailed statements of matter covered, which not 
infrequently are extracts from the tables pf .cpntents of these texts.^ 
While the use of texts, and, mc^J|^^^pf traditional tex(p, is general, 
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prominent, are to some extent l)reaking away from these texts and 
the corresponding ’instnirtional inetliods. A nuinher of schwls 
have prepared collections of i)robleins taken from shop practice or 
from matter contained in technical periodical literature. Unfortu- 
nately bat few of these are accessible in imblisheil form. 

As to the process of instruct ion, it would appear tlisd the method 
of holding recitation*^ upon assigned textbook nifdtOr is not extinct. 
This method, which renders tlie recitation merely an nral examina- 
tion, is, however, giving ])lace to the method of development of new 
matter by questioning on the basis of the pupiTs fuiul of kno\\ ledge. 
The use of problems as an instruction to new matters of theory i.s 
apparently more common tlnni tlie use of pijoblcnis solely as S^pli- 
cations of a didactically j)rcseiite<l theory. 

It nuist be said, however, that the evidi*n(’e (>n this ])oint is meager 
and conflicting. 

It mtist be borne in mind, int)reover, that e\en approximate uni- * 
formity of method iloes not exist. The nattire of the school, the 
neco.ssily of pre])aring students tor ex((*nial examinations, the prep- 
aration ami personality of the teacher — all have tiudr infhion(‘e on 
(lie methoil of instruction. 

The lahoratory methoil of instiaictioii can not be said to be widely 
used. The term may be taken as denoting the use of experiiiiental 
processes devised for the purpose of disco \ery or cm ph a sis of mathe- 
' matical truths. The mathematics is the final goal, the pliv.sical 
process the means. The method may be illustrated by the following 
quotation : 

Alpet)rnlc prolileniR are dovoloi)o<l froni tlio laws nf piTcentago fmni the siUos. 
auKleH. ami ni^Hs of |H>IyKonK, The laws of tlie lever ami of beams are.estab 
llsliml by expiTiiiuMits in tlio rlnssnH)iu ami an* inmh* tlie basis for the develop 
luent of the fuiulainental pUHosses nfi^d the laws of siplit. nrnwlnj? to s(‘ale 
give.s ninny probloiiiB In slmllnrlty of trlanj?les and hi ratio and proiK>rtlon, 

Allied to the laboratory method, but distinct from it, is that 
\\hieh may be termed the “shop mctljoil."’ Here ns in the former 
physical processes arc listed, but the pliysical result is the final goal, 
the mathematical truth, a thing which h^^introduced and devel- 
oped because it becomes necessary to the accomplishment of that 
end. The method may be illustrated by the following quotation: 

WORKSHOP UAT1IF.MATIC8. 

After a thoroUKh review, which denum at rates to the pupil and the instructor 
the ability of the fonhor for this liiii>ortnnt branch of bis trade, the apprentice 
Ib led, by tbe solution of practical iiroblenis. through the necessary iiortlons of 
arithmetic. alRebm, geomotrjx and trigonometry. These subject s, whoa pre- 
sented to pupils in the abstract, gro frequently beyond their uiental grasp, hut 
when connected with their trade practice thenibsolute necessity of this know I* 
edte becomes plain; the student then. attacks the problem from a new Btand- 
point and with renewed ylgpft and succeeds in mastering the difficulties. 
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All -the problems Jn this branch of apprenticeship, also, are specially pre- 
pared by the Inatructora and jirlnted by neostyle. Much of this work Is re- 
quired to be done by the studenta ns ^home study. Lectures and shop talks 
supplement the workshop mathematics."* 

It is, of course, sparcoly necessary to add that the distinction 
Ixdwoen tiu* two mot hods, ns they are actually used, is not absolute. 
It is !i difference in tiie position of the center of gravity of the in- 
stniction, which,' if great, may amount to a qualitative distinction. 

Some of the niore distinctively voaitional schools and all the com- 
mercial schools emj'ihasize to a greater extent than the others the 
matter of computation, for the evident reason that with them the 
numeiical result is a matter of technical importance. 

In the coinniercial school particularly unremitting drill on the 
clenieiitary pvocessis of arithmetic is an essential feature of the 
instruction. Naturally Ihe proportion of time expended on such 
(IriU depends on the breadth of the curriculum, and is greatest in the 
private ccnnineiT^d schools, where the only mathematical subject, 
commercial arithmetic, is essentially u technical subject. In the 
‘‘ high schools of commerce'' the drill is important, but the broader 
-curriculum permits emphasis on the theoretical side of the subject. 
Naturally, in all tlie commercial schools much attention is paid to 
the use of material drawn from commercial practice. 


PREPARATION OF CANDIDATES FOR TEACHING. 

Ip the greater nmnlKT of sclu'iols a considerable ])voportion of the 
teachers arc graduates of " nonnni schools,*' or schools of college 
grade. In many instnnea'^ they are gniduntes of engineering schools, 
and, in a few cas<'s. they pt>ssess the doctor's degree (obtained ^ 
coui’se). Tn the trades <fliul indus.trial schools some of the teachers 
have had experience in n trade or in one of the engineering pro- 
fessions; in the commercial schools many of the teachers have had 
experience in business housed 

The question of the prpparntion of teachers is the gravest which 
these schools have to face, particularly those in which the trades or 
industrial element is predominant. “ Normal -"Courses for teachers 
of “Inanual training*’ exist, but there appears to be as yet little 
provision for the training of men who, with an adequate kho^ledg© 
of the technique and problems of a trade, also possess a thorough 
knowledge of the science of mathematics and of the theory and 
practice of education. Such men exist, but th^ are few in number^ 
and are the result of accidental circumstances, not of organized in- 
struction. A few institutions, notably Teachers College, Columbia 
University, are now offering courses desi|pied to meet the needs of 
persons preparing to teach math^atics in the secondary technical 
Bchoola. ' 


PART II. 


MODERN^ IDEAS CdNCERNING SCHOOL ORGANIZATION. 

riie manual training,' the industrial, the trades, the agricultural 
schools, and the high schools of commeroi are. in their present form, 
^sseniially new types of school ’which have lx!cn developed as the 
result of the movement to render instmetfon more concrete and 
immediately available. 

COEDUCATION. 

The schools considered by this committee are fortiinafe in that tl)C 
ve.\ed question of coeducation presents itself in so objective a manner 
as to permit sane discussion, in some resjiects at least. The question 
of the simultaneous attendance of the two sexes at the same institu- 
tion is one which may be regarded as settled in America by custom. 
This question need not concern us here. •' 

On the other hand, in proportion as the schools are distinctively 
vocational, the question of .segregation rather than coeducation be- 
comes important. Segregation becomes imperative when the voca- 
tional element is predominant and differs for the two sexes. 'When- 
ever in the schools considered, correlation of the mathematical in- 
struction with that in the technical subjects is regarded as essential, 
the difference between the technical interests of the two sexes is 
i • found to bt> so great that the successful application of the principle 
of correlation renders segregation necessary. 

On the other hand, in the commercial and agricultural schools the 
interests of the two se.xes are so nearly identical that segregation in 
the classes in mathematics is neither imperative nor usiiah The same 
considerations hold with lufeBenoe to the sex of the teacher. 


MODERN TENDENCIES CONCEIUTING~Th5 OF INSTRUCTION AND 
OF THE BRANCHES OF STUDY. 

h There is a tendency to omit so-called “ useless subjects,” but the' 
riteria are va^able and often contradictory. The tendency, how- 
ver, is to omit subjects regarded as involving complex manipula- 
lon or difficult theory unless they are of essential and immediate 
vowtional importance. Fof example, the extraction of numerical 
.cube noot, pa^I payments, etc., are omitted from the courses in 
arithmetic given- in the agricultural schools. On the other hand,' 
th§ commercial department of a high school omits as usel^ the 

couwe iin algebra. In gene^, however, 
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the tendency is to retain the traditional content of the courses of the* 
general secondary school, except in those schools whose courses are 
arranged with reference to ^mediate technical availability. 

The general tendency is, moreover, not. to increase the content of 
the courses or to replace old subjects by new’ except in so far as the 
so-called ^‘workshop mathematics" may 1 k^ regarded as a new sub- 
ject. Such courses are new’ in their point of view’ and their concrete 
material, but not in their mathematical elements. 

In this connection may be mentioned, however, the general tend- 
ency to introduce elementary trigonometry into the curriculum be- 
cause of its niunerous applications to shop \>roblems and to surveying. 

EXAMINATIONS. 

There appears to be no noticeable tendency to abolish examinations 
but rather to subordinate them to the regular work. 

METHODS OP TEACHING. 

With the increase in the size of the cities and the centralization oi 
industries has come a decre^ise in the fund of general knowledge 
which is av^thrhle in the,child as a basis for mathematical instruction. 
In the days on the small .shop in the small town the artisan’s boy 
frequented the shop and used his father's tools. He learned in a 
desultory and accidental way. perlinps. but nevertheless he learned 
to plan, rheasure,,and build, and liecanic Acquainted with the materials 
and methods of the various forms of industrial activity. From all 
this the city boy of to-day is excluded. 

In consequence of this the concrete basis which the toy formerly 
obtained for himself, and unconsciously, must now l>e systematically 
provided by the school. The mathematically ill-equipped^^cher 
of an earlier period had no suitable mathematical superstructure to 
erect on the excellent loundation provided by the boV; the better- 
equipped teacher of to-day finds the foundation inadequate to sup- 
port the structure he is prepared to erect. The consequence of this ' 
essentially economic change is that systematic intuitive instruction 
in the school is becoming increasingly necessary and is supplied with 
incrensing frequency, e. g., by the use of laboratory 7 and *‘*shop 
methods ” and by the use of concrete problems. 

The teclmicol secondary schools from their very nature tend to 
adapt their in.struclion to this need more readily than do the gci^^al 
s<H'ondary schools, and wuth apparent success. One school reports: 

boys take bold of mathemattes na If they ** needed It In tbelr buMoess.** 
Our boys are not exceptloflaliy bright, and yet the best section of girls In a 
** regular ** high school would not be able to keep pace with them. . 

Along with this tendency to emphasize the intuitive element m 
instruction, there^is the conservative tendency, partly due to inertia 
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and partly to external aciideinic re<iuiremenis^ td emphasize the 
abstract element. 

In view of the lack of cential control of Ameri(‘an schools, the 
existence of these two conflict iii" tendencies, especially the latter, can 
not be regarded^ as otherwise tha4 fortunate for the fuluit* of Tnathe- 
inatical study and research tn this country. 

Tlie general secondary schools already feel the competition of the 
technical secondary schools. The danger lies jn ^thc pos.sibility that 
the attractiveness of the intuitional and irnniedTafely availabie (de- 
ment of the instnudion in these technical schools, wliose ideal ap- 
proximates to that of the trades .scdmoK may so diminish the abstract 
and logical element in the mathematical cnrricnla of all the second- 
ary schools, general as w(dl as technical, as to hinder the ju-ogrcNs of 
mathematics as*a scitjiice in this country. 

Tlie lack of conci*ete basis for mathematical instruction is the cause 
of ft tendency, exprevssed in the curriculu (^f certain .schools, to pre- 
cede the demonstrative work in geometry hv work in “constructive” 
or “ inventional ’’ geometry. The circular (ff one .school says: 

This Htiuly {geometry) Is, first of all, Inventional. With ruler, dhlUers. coin- 
jmss, ami protractor, the pupil is taught to draw geometrical flgun‘H and then 
to study and iiiulerntand them. After a term’s work In liidiistrla! geuim*try, s 
tlie pupil Htudics lUano and tluai Holid g(M)inotry with an interos| \\JUth wcnild 
not be i>088ll)le otherwise. 


The age o^ the pupils in the schools considered is such that, once 
they have bectfne familiar with the elementary geometric concepts 
through their work in constructi\e geometry, the logical element of 
the subject can be made predominant. 

Material aids to inathenmtical instruction iiw of course much in 
eviclence in schools wliich make use of the “laboratory” or the 
“shop method ” of instruction. In geometry and trigonomclrv, when 
climatic conditions are favorable, outdoor work is (KTusionally used. 

* In solid geometry the use of ittodels made by the pupils ij^not 
infrequent ^ 

Excepting in the commercial schools, where the irmtter is one of 
vital importance, the matter of computation does not receive the 
r/cTi^raZ attention one would expect in schools of essentially vocational 
purpose. A few iscdiools, however, lay much stress on the matter, 
and one, at least, offers a course pii the subject, the outline of which 
^y nay be quoted : 


Computation. 15 clns«. (Applied Mathematics.) 


A course In the interpretnllon and application of standard engineering for- 
muloe, abbreviated methods of calculation, the use of mathematical tables, 
approxlmatlou by graphical methods, and the nse of computing devices. The / 
^ solution of practice problems , 
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The atu)8 of the course nre: ’ 

1. To j;!ve the student some adequate acquaintatice with couiputinj: uiethodH. 
*2, To develop In hlui at the same time aecurney niid spe<Hl. 

3. To cultivate the ability to t»siitiiate results with a reas(umbly close 
of upproxiiiifition. 

4. To iulninti7.e labor In his calcttlat ^ 

The experience ixf the vooalioiuil schools indicates that the solution 
of the ])robleni- of giving? inntheiuatic.s n better j)lace in poi>ular in- 
struction and of reiicting against the i)re.judices against the science 
lies in bringing the*^nbject into such close ;;elution with the activities 
of daily bfo. cs])eeially those of an industrial nature, that the neces- 
sity of a knowledge of the siihjt'ct is felt. Froni the standpoint of 
the ])rogress of the science this is the \*aluable element in “workshop 
inatheinatics.'* , . • 

The dangi'roMs element in “ work-hoj) inatheinatics"' is not funda- 
mentally distinct Troin ilmt which so often the bane of abstract in- 
struction and against which the ivj)res(*ntativcs of the secondary 
technical scl tools so etni)hatically jirotcsi. namely, excessive formalism. 
By formalism is here meant the unthinking and mechanical execution 
of inathemuiicad pi*ocesses wltliont regard to tlie significance of the 
data, the oj)eratipns, or the results. 

This formalism’ luny he illustrated by the following problem taken 
from a jniblislied collection tha4 i^ somewhat witUHv used: The di- 
mensions-of the jiarts of a ratlier complex combination of crank, 
screw, and gears arc given, and it is requiretl to find the weight which 
can be raised by a force of 00 ])ounds apjilied to the crank. The 
mathematical work involved is merely the nuinerioid evaluation of a 
rational fraction the factoi's of whose tenus are given. Tfii pub- 
lished a'hfciwer is 208,575.08 pounds; that is, a weight of a hundred tons 
is givert to the sixth part of an 0 Knr(\ It is evident that such a result 
can he obtained only by a mechanical and unthfnking use of the 
mathematical processes involved, ami without the slightest cou$fd- 
eration of the significance of the concrete elements of the problem. 
This is formalism pure and simple, and it is the' more pernicious in 
that it inas(pierados under the guise <»f “shoj) mathematics'’ and 
claims do he an example of ^how t(^pply mathematical principles, 
rules, and formidas to the .solution of such (i. c., shop) problems.’' 

There is a desire among some of the teachers of mathematics in tlie 
secondary technical schools to br'enk down the conventional barriers 
between the several brunches of mathematics, and in a few" cases this 
desire has l>een realized. The principal'^ifficulty mentioned concern- 
ing this movement appears to be the lugk of textl>ooks designed for 
such combined courses, a difficulty which is not inconsiderable by 
reason of the dominant position of the textbook in American mather 
^matical instruction. A few, sudi texts, however, have been published* 
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There are administrativedifficulties, particularly in the case of schools 
which articulate closely with the grades on the one hand and the col- 
leges on the other, and these difficulties, while not mentioned by the 
schools, have proved a serious harrier to the movement in the colleges. 
The conservatism of teachers also retards the establishment of these 
combined courses. 

It would appear that the 4(H'hihcul and industrial sHiools offer 
unusual advantages fm* the development of combined courses, because 
0 ^ tfie fact that,. in the newer ones at least* the articulation x^ith 
established schools is less close and the force of tradition less strong 
than in the general secondary scluMds. It must bo remembered, 
however, that these combined courses are of comparatively recent 
origin, while the traditional courses are the result of a long period 
of evolution. The combined course is in the experfmental stage, and 
for this stage of its evolution the secondary technical schools offer, 
for the^ reasons just mentioned, a favorable culture medium. 

Wherever the courses are separated it appears that the study of 
the elements of algebra -precedes that of i>lanc geometry. Tlio rela- 
tive position of the second course in algebra and that in solid geom- 
etry is variable. 

V' RJ&LATION BETWEEN MATHEMATICS AND OTHER BRANCHES. 


in imUhenintics and 
is a strong tendency to 


While syidematic coadaptalion of the course- 
those in other subjects is not general, ther<^ 
make such adaptation to a greater or less degree. The tendency may, 
and sometimes does, take the form of emphasis on the application of 
mathematical-results at the expense of the logical and demonstrative 
element of mathe^natics an^l of its dignity as an independent science. 
The “ pocketboo^ engineer’' has his counterpaTt in the 5»condary 
schools. More frecpiently, however, the tendency finds a more rational 
expression in the form of emphasis, in the mathematical courses, upon 
problems derived from other branches. These problems may serve 
as an introduction to the demonstrative work' or as an application of 
its results. 

Th.e difficulties and dangers in the working out of this tendency 
' ai-e precisely the same as those ^which ari.se in a similar situation in 
the higher schools. Unfortunately, neither the teacher of mathe- 
matics nor the teacher of the technical subjects i^ omniscient. T^e 
one lacks technical training, the other a thoroughly grounded knowl- 
edge of the science of mathematics. 

. A study of published collections of problems used by some of the 
schools indicates that thf* mathematical principles involved in the 
tedmical problems considered in their courses are, for the most 
. part, of a veiy elementary character, In geometry, the propositions 
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of congruence and similarity, the theorem of Pythagoras, and the 
inensurational theorems; in trigonometry, the dotinitions and ele- 
mentary jiroperties of the fimctions witli tlieii’ use in the ronipnsi- 
tion and resolution of vectors: and in algebi'U tlio fundamental oper^ 
ations and the solution of linear e(iuatioiis and hinoininal ecpiationh* 
of lower degree fon^ the thooretie^l basis for the greater part of 
the problems in question. The problems arising \i\ snrveyiiiir, of 
course, re(]uire more exteiide<l knowledge oi trigonometry, and the 
\aried problems of the machine simp involve algebraic principles 
of a more advanced character. 

For example, problems on the etlic.iency of lioisting devic'cs (fi'ir- 
tion considei'cd) and in the design of cone pulleys in\ol\e geomet- 
ric' progi’cssions ; problems of gearing and serc'w rutting imolvc* in- 
determinate ocpiations, lOuelid's algorithm of the greatest eoininoii 
divisor amreontinued fractions. 

REPOKT OF SUBCOMMITTEE ON SECONDARY COMMER- 
CIAL SCHOOLS. 


fiourcen Ot/or;fn/0(j«. — This report Is hiised on stiu 1st leal Informallnn obtained liy 
means of (luestloimalres and on otlier data nvailnhle to tlie im'mbers tif tUo (’oimnllioe, 
especially the chalrnmn, as ttiemlterM tif the Inst met iiiK statTs of eotunten lal selmols. 

Tlift report wits prepared hv ‘he chnlrmnn of the sutienmnilttoe In eonsuliallon with 
the tother metnheia and with the olmlrmau of the roinniiti.ee on secondary technlcnl 
schools. 

Aim (if ihc report . — .\s Home of the work of the Hehools con'Jldi'rcd dooH not irrentty 
differ from that of peueral HeeouiJary schools the Hiihcnimnit tee confined itself lar^rely 
In thlsrepiirt to the"* eonsldf'ral Ion of the points of tli(Ter<’tu !■ helw.-en thf work of the 
eoramen lal and of the mmeral H(*condiiry school s —the nature, eaiise. and resnlts of these 
differenooH. jw 

Chisstf cation of school schools considered hy the subcom- 
mittee fall into thrj^' classes, viz. high schools of commerce, coniiner-^ 
cial dopartinents.of general secondary schools, and wrivatc ('oinniercirtl 
schools (the so-called business colleges). 

Tile private .schools were first in the field; their jirimary aim was , 
and is preparation for immediate vocational activity. /I'liough they 
are, therefore, essentially of the same nature as trades schools " and 
are largely conducted for profit, the conmiittec is imprei^sed with their 
educational value and the professional spirit of thew- instructing staffs. 

There are. many of these schools throughout the country. The 
fact of their existence Is proof of the' demand for the kind of educa- 
tion they , offer. It is a further testimony of the^’ork done 'by these 
schools when it is cited that some cities, as Bcrktdey, Cal., already 
offer a two-years’ course in commercial subjects. Boston, Mass., has 
just voted to establish a central blerical high school, to be in session 
from 9 to 5; its scopp of work will be that usually offered by the best 
business colleges. ^ 

The‘ cwnmercial deparUnent in the general high school is the nat^ 
oral outgrowth of the success of the private ccHnm^cial s^hool^ just 

v r... a ; 


22 


MATHEMATICS IN TECHNICAL.' SECONDARY SCHOOI^S. 


as earlier in the history, of our country the general high school 
the outcome of the success of the academy. Moreover, just the 
private academies began to go out of existence ^vith the success of t^ie 
general high school, so that now hut a comparatively few of those 
in existence from 1850 to 1800 stiW remain, in the same way it is 
probable that the|Jublic schools will do more and more of the work^ 
now being done by the private commercial schools.’ And jus^t as^ 
there are now some academies still in existence, and in a most 
healthy condition, so is it likely that we sliall always have olir priv- 
ate commercial school; hut it is improl)able that we shall have all 
that we have at present. 

The same observation wliich is made here with regard to the 
pioneer work of the ''commercial college'* is iiiaiiil’est in the history 
of many features of our present educational system; the need is first 
shown by experiment carried by pri\ate enterprise, either philaij- 
thropic or commercial ; then the puhlic-^jchool department, hitherto 
"Dassive, becomes eager to incorporate the private success into its own 
field of activities. 

Since the commercial department of tlTe general high school aims 
to do tl]e work of tlie private commercial school, there will be but 
little to report in regard to them in ndtlition to what will be reported 
for the private school beyond the fundamental differences between 
the two kinds of schools in all respects. 

The commercial high school is hut one step beyond the commercial 
department and must be from tlie nature of affairs restricted to the 
larger ciiies. However, this step to tlie separate high school is a 
long one. The “high scliool of commerce” expects to give a bettef 
fitting for business life than either the private commercial school or 
the commercial department can: better than the one because the 
course is longer and its scope is broader: better tlian the other be- 
cause the work of the four years in the high school is much more 
spwialized. ^ 

COURSES OF THE SEVERAL T^ES OF SCHOOLS. 

In the private commercial school the length of course varies from 
three month.s to two years, depending on the p^^eparation and wish 
of the pupils. The usual course, however, is for one year. Certifi- 
cates or diplomas are given for work covered^ The same work is 
given for both boys and girls, as would be expected since they are 
found in the same class. The entrance requirements are not as 
clearly defined as for the public secondary school ; the scheme is 
rather to put the pupils into those cUsses’where they can take up the 
work to best advantage. The-age of the pupils varies from 14 to 20, 
as a general rule; both yonnj^r and older pupils, however, will 
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In the commercial department of the high school, the course is of 
four years' length ; the studies in the commercial department are but 
a part of the student's studies; the others are'taken from the general 
course of the school. The diploma given at the end of the course is 
the general school diploma and does not usually specify that the 
pupil is a graduate of the commercial department; it states rather 
that he is a graduate of the school; the diploma is the same as that 
given to the graduates of all the other departments of the school — 
this statement holds true so far as facts have come to the observation 
of the members of this cormiiittee. The work of the first year for 
pupils in this course does not vary materially from that of the other 
pupils of the ' sch(>ol : , accordingly, the same entrance requirement 
holds for all — that they satisfactorily complete the grammar-school 
coiiisc. The nveragt* ago is from 14 to liO years from entrance to 
graduation. 

^In the commercial high school, usually called '‘high school of 
commerce," the same gtmeral consideratitm for age and entrance 
holds true as in the case of the commercial department. The cur- 
riculum, however, is more specialized. The aim of the school is to 
prepare for a commercial life in a broad sensei The commercial 
departments prepare more for secretarial and cicrkship positions 
and make bookkeeping, stenography, and typev^^ting^, the courses 
around which the work of the school centers. The schools of com- 
merce make the economic sciences and courses the subjects around 
which the work of the school centers. The other subjects are studied,- 
but are given but comparatively small emphasis in working out- the 
aims of the school. Ihisiness men’s organizations coniTected irith 
such schools are of great value to them. 


THE^ AIM AND SCOPE OF THE MATHEMATICAL INSTRUCTION. 

\ 

The only bTanch of. mutheinatics that is taught in tlie private com- 
niwinl school is commercial arithmetic — sometimes call^ businefvs 
ariUnnetic. The placing of commercial arithmetic as |one of' the 
branches of mathematics is one of tlie points of difference between 
the Americiin and the German practice, for in Qermany it is con- 
sidered as one of the branches of the commercial studies. The aim 
of the work is to give drill, constant drill, in the ordinary operations 
of business, so as to secure habits of nccuracv, speed of computation, 
and skill in mental operations,- • 

There are usually five recitations per wwk, and the usual length 
of the recitation is 45 minutes. Some .schools have recitations, how- 
ever, that are one hour in lehgth.. The work in commercial aritli- 
metic in the$e schools ia^made to correlhte more with the work in 
bookkeeping than, with any other subject, i^e teachers in these 
schools frequratly make the complaint about the pj^vious prepare* 
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tion of their pupils in arithmetic, that they lack in accuracy. ^peed, 
and knowledge of practical problems. Some schools report, liow- . 
ever, that the fouiKlation \vhi(*h they have in mat henmtica4** training 
is excellent for the rli^U that t lie l^u.'jiiu.^ss (‘ollcge wishc.s to give them. 
The comment made by tlie teachers in these schools is also made by 
many of the teachers in the other types of schools. 

In the commercial (IcjMirtnients the same subjc('t U olToretl as is 
ofFerecl in the private commercial sclund — c'ominercial aiithiniU ic. 
The subject is nearly always elective in the school^ hut recpiired for • 
those wlio wish to take the conmicrcial course. The lengtii of reci- 
, tation period varie.s from 40 to minutes usually, and the number 
of recitation i^riods varies from two to five per week throughout 
the year, or tlie equivalent of it. The work is mos^ often taken in 
the second of the four years of the jiupibs course in the high school. 

It is sometimes, however, taken up in the first year of the course. 

In schools where the pupils also take algebra either the aritha^ic 
' is-carried on at fhe same time that the algebra is or it is take^ip 
after the pupils have had one year of algebra. The lattei* is more 
often the case. Accordingly, the usual age of pupils taking this 
subject is 14 to lO years. In the Xew York Jfligb S(*hool of Com- 
merce the subject is given by the commercial department; in Boston 
by the mathematicfil department. 



In such schools ns these the commercial nrithmotic is iisuallv cor- 
related with the work in bookkcciiing; less often it is coiTclateil 
with work in physics. One school reports that it is made to cor- 
relate with the study of commercid law. It is very evident whore 
“this can be done, since the discussion of many problems arising in 
commercial arithmetic, involve questions of both' custom ai^l law. 

Where algebra is offered in ilio.se schools the pupils of tlie < onimer- 
cial departments nre found in the same classe.s tlint the pupils of 
other departments are foip^l in. Hdnce the report given by tl^ com- 
mittee on the general hlgli school as regards nlgel>ra will lie appli- 
cable to the algebra of the commercial departments. This same 
observation holds tnio for geometry and trigonometry* 

In the Commercial high school however, mathematics is givan 
more time. In the year algebra is taken up for eitluM* four or 
five periods per wei’k, with recitation periods of from 40 to 45 minutes 
in length. The nlgeUra is offered largely as a vocational subject, and 
the problem is made the central thought in the development of the 
subject; the equation is^tudied in so far as it wilj help in solving 
the problem, and the different processes arc taught only in so far as 
they help in solving the equation. The general aim is to* study the 
applications, and only such principles of the science os help one to 
understand the applicayona, 
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The work in this subjoti is correlrttetl with the other work of the 
srhool. It is evident wlunv it is correlated with nrithmetir, from 
the close relation existing in the nature of the subject, it is coiVe- 
I 'ted with the .work in science, in drill wctrk, in the formulas of 
ph\'sics. anti in problems taken frtmo the fitdd t>f natural science. Tn 
the use of squared paperand in the graphical representation of simple 
^tatisjtics. it is corndatctl well with the work in cnm^iercial geograpliy 
and economics: in tlie matter (if I'oqiiiiing the same standards of 
good penmanship that are exacted in the I'teiimanship classes and in 
the matter of rapid calculation'-, irnoicing. and the \arious aj^plica- 
tions of percentage, it is correlated wit li the bu>ine>s technitjue 
classes: in rcf|tiiring cxj>hmat ioiif?. (U*al :iinl ^vI■itten.. expressed in good 
i^nglish. it is correlated witli the wtu k of tht* Kngli>h department, ^ 

The de>cripli()i> hiM'c gi\cji for tin* iin*tlio»l of t vadiiiig algebra is 
taken fr(>in the usage of tlu* lleston High School of (Commerce; it 
applies with ctpinl force to a gii‘at imyiy geneia! high schools of 
country. It would be \erv hard to pre^-ent a ^latement about 
teaching of algelira that would be al')o\e ctuh-un*: M.me criticism 
would 1)0 sure to come from some part of the country. There is a 
feeling Of. unrest throughout the couiitrv as rt'gards the teaching of 
algel)ra. and t*agei*ne'-s to make the snitject more significant than it 
has yet I>een in ."ecttiularv iiistrueiion. 

The work in commercial aiilhinctir lia> all the features of the 
same work done in tlie pn\ ate ronunercial schools and in th^ com- 
inetrial departments. The t ime iillowa4icc is the same as for algebra. 
Since tlio jneirlmnts are mucli iiitere^ed in these scliools, practical 
material is n\nilal)le frtxm them whieli"R’ould l>e otherwise impossible 
to obtain. • The stores of the city arc the laboratories Af the students 
of the cominercial high school. The l>ook.s and jiccounts of such 
stores have much material that is of the utmost \ alue- to the school, 
and that material is being sought out by the teachers of the com- 
mercial high schtH)l, and alivady quite a little luis l)oen brought into 
use in the classroom. 

Resides the drill in rapid and accurate perfmH)ui^i('^ <»f arithmetical 
operations, tins work aims to gi\ e drill in tlu) real significance of 
miinbt^j drill in habits of sustained attention and concentration of 
effort, and drill in specific jfroi)lems brouglit in from the business 
liouses. The general aim is to give drill rather than to teach the 
pupils anything nwv. The subjects emphasised aye the fundamental 
operations applied to integers, counnon fractions and decimal frac- 
tions, percentage, interest, stocks, bonds, sinking funds, insurance and 
taxes, and equation of acoounts. Arjthm^ical operations which are 
.seldom found in business ure omitted; 

This work is correlated with other departments of the school in 
maay ways. The ^tensive study of significant statistics having to 
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do witht the commercial life of th^ city, State, or Nation, and the 
§^aphical representation of the same in all the inoi’e common forms 
of graphics are of great value to the pupils in their oconoiiHc studies ' 
later on, as is likewise the study ijf actual problems in stocks, bonds, 
and sinking funds. The teachers of bookkeeping and commercial 
arithmetic are constantly in communication, sO that their work may 
be of much assistance to each other. The work of the English 
department is emphasized as in the case of algebra,' Th? work is 
correlated with the science department in the manipulation of some 
of the practical problems encountered in the science work. 

Geometry and trigopometrj’ are spinetiines studied, but they arc 
studied for their cultural ^rather than for their vocational values; 
accordingly there is a freedom of method diul clu/ice of tlieoroms 
which would otherwise he impossible. 

It is pointed out that a school which emphasizes the practical side 
^ of algebra should also'cmphasize the practical side of geometry and 
trigonometry. This* statement is true, and it is (piite probable that 
some time in the futui*e we shall lla^■e a course in tliesc .'^tiulie.s more 
applicable to the coimnerchd high school.^ This, however, is a problem 
■which bus not yet lH*en worked out in connection with so com- 
paratively recent a departure in education as the commercial high 
school. * 

The preparation in matlieinatii's of pupils entering the commercial 
high school is the saiiMJ as that of those who enter the classical hi* ^ 
school or^thc general high school. Since these features of The Amer- 
ican educational system should be more properly tn'ated in the 
reports concerning those schools, they will be oiiiitteil here. 

In both the private commercial school and the coiiuiicrcial depuiT- 
ment, special desks arc prov ided for the^stiideiits; these desks are 
made to conform as much as jmssible to commercial usage. In the 
commercial high school these desks are found in the department^ of 
business technique. ^ 

In some schools which have no commercial department a half year 
^ of advanced arithmetic or commercial arithmetic is offered during 
the senior year, less often dying flie junior year; this course coveis 
such essentials of everyday arithmetic as every high-school gi'aduate 
is supposed to be prepared with. 


THE EXAMINATIONS. 

In most States diplomas from the school are not dependent on a 
final examination of the work covered during the course, nor ajxl. 
^'the examinations at all of that nature. They are more commonTy 
gim every week, two weeks, or month on the work covered during 
the time since the last examination. The examinations are only 
ixieidfipte of moce or less unpo^tanoe in the program of the work. 
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The regular daily T\’ork is considered of much more importance in 
estimating the pupils’ progress and educational worth than the ■ 
examinations are. This princijde holds true of all three kinds of‘ 
schools. 

THE METHODS OF TEACHING. 


d ext hooks are very freely usot.1 hoiii fur el a ns wurlc hu\ 1 fur home 
work: and many excellent hooks on commercial iirithmotie have been 
written by the teachers ii^ these schools, particularly by ihe teachers 
of the private coininorcial schools. Since the . general jiiin of the 
work is to give accuracA' and :*peed, much oral work is given for 
mental drill. T!io te\tlKH>lv>' aru made up of the kind of problems 
that are met with in tl^lmsiness activity of the country as far as 
the author has discovenwftsage and custom of business housi^s. 

Interest tables, simple uml eoni])ound. are the only kind of tables 
that find much ust? in the arithmetic work: a few scliools report the 
use of logarithmic tables. The Roston High School of Coinnierce 
advocates their use hi (hc'conimerrial arithmetic wcu’k. by the obser- 
vation of their use in statistical offices by [leo^le who have never 
studied any inathonmtics l)(*yond the arithmetic. 

Many Of tin* ])ri\*ate schools, hover of the public schools, report the 
possession of adding machines. This is not suriirising when we 
consider how recently such machines have come into general com- 
mercial use. It is significant, however, that our schools are begin- 
ning to recognize that the adding machine is as necessary’ lo modern 
business as is the tyjx* writer. Instruction on the latter forms a recog- 
nized part of every (jomniercial course, and within a few years the 
.‘^killful ojx'ratioii of the adding machine will doubtless lie taught in 
all the well-equipped commercial schools. 

One school reports the possession of p cash register and loose-leaf 
ledger. Other kinds of calculating machines are seldom, if ever, 
found in the schools. 

Some teachers in the coniiuercial high school report the use of 
the laboratory method to good ad\'antage. By thi^ method' a set of 
exercises is chosen, in some such subject as common fractions, from 
tlie commercial life of the Vat y, State, or 'Nbitiou. Eacff pupil is 
given a. separate problem— an exi)erinu*nl — on yliich to work. Inas- 
much as all problems are ditleront, the pupjTis tln:o\vu on his own 
resources; since results are proportionate to efforts expended, such 
work offers an incentive to ambitious pupils for extra work. 

Sets of exercises liavc been compiled for such subjects as addition 
and subtraction, mitltiplication and division, coitimpn fractions, deci- 
mal fractions and percentage, exchange work, stock invoicing, mark- 
ing goods, and sinking funds. 

Tlie methods in algebra vary from tlie usual course in that subject 
ns much u is consislent with the different aim of the subject; the 
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mental exercises are ftore particularly drilled in the commercial high 
school than in the general high school. Ratio and proportion are 
taken up early in the course, since the work is so closely related to 
tlie n*ork in equations. * 

Geometry i> taught quite irrespective of college entrance require- 
ments . 

PREPARATION OF CANDIDATES FOR TEACHING. 

Rut a few of the teachers in private commercial schools are college 
men. The preparation of the teachers for the work of instruction 
has l)een hy attending the. private commercial school, or by haviiyr 
attended a commercial department in a general high .school, or by 
having had actual business exprience. Marty of the teachers in 
these schools have had this business training, and, of course, this fact 
gives them one excellent qualification for tins particular kind of in- 
struction. Teachers arc quite often found in these schools who have 
had practical training -in higher accounting or have pursued courses 
in the subject. 

The preparation of teachers for the conunerclal high school is of 
higher grade, from an academic point of view, than that of teachers 
of the other two departments. The liest teachers for this particular 
kind of a school are yet to come. The school is a comparati\ elv recent 
innovation; accordingly, flie demand for teachers for this special 
kind of s<^hool is comparatively a new one. They nearly all now have 
good academic training; what they will nc^d in tho future is more 
business training. ^Tho teachers are taking the proh'lem seriously, 
too, and are making decided and effective steps to supply their 
deficiency in these regards. 

The preparation of the teachers in the commercial department of 
tlfljsdiigh scbqpls, of necessity from the nature of affairs, has been 
nmcfStlic same as that for private corn iner^' ini schools, Preparation 
has been mainly in the private coininercial schools and from the com- 
mercial departments of the high schools, A smaller nninhor by far 
have obtained business experience; this is probably due to the lack 
of salarj’ inducement more than to the nature of the problem. 

In the past, few college men, or women, have gone into this line of 
professional work; but with the p^es•Cllt tendency toward vocational 
education, so niahifest in the country, more college men arc under- 
taking it. . 

A marked advance was made two years ago when the Salem 
(Mass.) State Normal School offered bo^ pedagogical and vocationaT 
ooursea in the^ commercial subjects. ^ This course has met with^uch 
success since its institution that the course has been lengthened to 
three years, with a corresponding addition of opportunities offered to 
the students. A few other State normal schools in the country had 
previously the vocatiiMial courm Hie iJbany (N. Y.) State 
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Normal College has since then offered the same kind of courses that 
the Salem school offers. The private nonnal school at Valpapiso, 
Ind., has long conducted training course,^ for commercial teachers, as 
have also several other private normal scho^ h of the Middle West. It 
is further interesting to note that the TeaclK s College of New York 
City is preparing to inaugurate (1910-11) a course in commercial 
arithmetic, and later ouf) in stenography and t\ Rewriting. Simmons 
College for (rirls, of Bos^n, for the past few years has also been 
meeting the demand for instruction suitable for preparation for"" 
teachers of commercial departments of high schools. 

It can readily be seen that a great many teachers of corpjnercial ' 
subjects in the future will get their preparation from these normal 
schools. It is well that these schools offer this opportunity, for the 
demand for commercial education becomes more pronounced year by 
year, and there is constant demand for more and better trained 
teachers. 


REPORT OF THE SUBCOMMITTEE ON SECONDARY AGRI- 
CULTURAL SCHOOLS. 

The agricultural high school is of recent origin in thft United 
States and owes its existence to several causes. Probably those 
most p(<;ent are the growing conviction in the niind of the rural* 
community that it must furnish son^e form of education beyond 
that given in the district school of grammar grade, the recent 
awakening t\ the necessity of industrial education of some form for 
every comnnyiity, and the attempt to indl^ the General Gov- 
ernment to^ppropriate funds toward the su^ort of agricultural 
high schools in eiiQh congressional district. 

That the concentration of school districts in the country, with 
provision for the transportation of pupils from a sufficiently large 
territory to form a graded school, has materially increased the 
efficiency of the rural schools is undisputed. That the same prin- 
ciple extended to the secondary school will be successful is expected 
by the rural communities which have undertaken the task of sec- 
ondary education. 

These secondary schools, started in agricultural districts and main- 
tained in practically every instance by public funds, in many ca^es 
•by the State itself, have attempted with more 'or less success to 
adapt the work of the school to the principal industry of the sec- 
tion — that of agriculture, and accordingly ^hey have formed theii* 
cuixiculum to give prominence to the Sciences underlying that in- 
dustry and have curtailed the instruction in other lines, most notice- 
ably perhaps thit of foreign language. 

This brief statement is made by the subcommittee in order that the 
result of the questionnaire sent out may be better undersUx^.. 
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Yonr subcommittee sent io the department of public instruction 
I ' of nearly every State a rSquest for the list of secondary agricul- 
tural schools within the State, and in prac;ticnlly ev.ery instance a 
reply was received giving the information asked for. In many 
instances schools not of secondary grade were mentioned,* as well 
as schools in which “some” agriniltl^xe was taught, but which were 
not styled agricultural schools. The subcommittee, believing that 
an inquiry into the teaching of such schools Avas not within their 
province, rejected nil schools mentioned which did not seem to come 
under the head of swondary agricultural schools. As a result of 
the inquiry, a list of G5 schools was obtained which seemed to em- 
brace all that properly came under the class delegated to this sub- 
committee. 

The distribution of these schools wfls of interest to the subcom- 
mittee. About half the number were in the Southern. States,^ and 
nearly as many in the middle Western States, while the East and 
Far West were represented by an occasional school. Some of the 
leading agricultural States scenuHl to have no schools of tlii^ kind, 
notably Iowa, Illinois, A^ssouri, and Kansas. It was found that 
p schools of this class existed in only about one-foui1h of the States, 
and that in but 8 States, of which 5 w’ere Southern States, did they 
seem to be established by districts. 

A questionpaire of limited scope and admitting of easy reply, 
covering the source of students, method of support, kind of control, 
special aim of school, general and mathematical curriculum, methods 
of admission, and special questions on the instruction in nltithc- 
matics, was framed and sent to the schools ILsteil, and replies were 
received from about 40 per cent of the number, and judging from 
the replies, in most instances from typical schools of the ditFeroiit 
sections. Based on these replias, the following dcfductions and 
■ comments are given : 

The schools are generally located in the country, or in small pural 
* towns, and draw their students largely from the homes of the farm- 
ers, iJthough a number report that the students are recruited from 
all classes. They are all supported by public funds. . Some have 
State support and others aro^piaiutained by local taxation.'.In most 
instances both State and local funds are used. They are practically 
all coeducational. 

The predominant aim seems to be to fit the pupil for farm life, 
and to emphasize those subjects bearing on agriculture and domestic 
science. In many instances the* avowed purposes of the school are 
to create a deeper interest in jthings agricultural, to direct the in- 
terest of the pupil to the pr6blet|is of the farm, i^ul to hold the 
attentltti to the advantages of rural life as oompar^ with those of 
~ the city. - ^ / 
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To attain these ends the curriculum is more or less affected. Spe- 
cial stress is laid upon Vfte sciences, and departnients bearing dfrectly 
on agriculture Hiul domestic science are introduced. A number report ' 
that the curriculum is not materially affected, some that it is more 
practical or more scientific, others that it is industrial, and one#that 
all subjects are taught from the standpoint of the farmer. To pro- 
vide for tln» vocational subjects in many instances the anfount of 
foreign language Uiught has -been curtailed. (. 

The tnathematical currieuliim is reported by many schools a^not 
at all affected by the special object of the school. A few report that 
the amount of mat hematics is reduced. One reports more geometry 
and surveying than would otherwise be given. Quite a number 
repoi t that the work is more practical and th^t* advanced arithmetic- 
and fimn accxiiiiits are included. 

The^vplie's to the ^question asking how the specific aim and object 
of the school affected ' the, method of teaching mathematics were 
so diversified thatiio general conclusion. can be given. About a third 
of t]ie leplies state that tht^methods are more practical, but only a 
fc') state in what way thaf whether in subject matter and char- 
acter of problelnsor in methods of teaf^hing. About a fouilh of the 
replies state that the metlunl of teaching ^he subjects is not affectedf 
- Several make no reply, p^'obably jx.»ciiuse the methods are unaffected. 
One states that the laboi^atory method is used and one that the work 
is mostly individual on account of the uneven preparation. 

The subject .of the correlation of the various mathematical sub- 
jects seems to have received but little attention, and but few report 
any elfoi t in that direction. Xo attempt s/eiiis to l>e made to correlate 
mathematics w’ith a^culture, except in (he case of arithmetic. A 
fyw report that an attempt is made to conelate with physics and with 
scieiu^e. In gtmeral a ^favorable opinion of correlation is expressed, 
although it appears that yeiy^little attention is^given to (he mhtter. 

The use of the laboratory nethod with ‘ mathematical 'subjects'* 
seeims in gene nil to be very limited.^ here used the reports state 
thapthe result^ are good. 

Inigtjperal the requirements for entrance are the completion of the 
work of 4he common school, which varies sgmewhut in (he different 
localities. Eighth grade arithmetic sHrems to lx‘ about the maximum 
requirement in mathematics. One repKirts no entrance requirement^^ 
excepting a minimum age limit of U years for hoys uml 13 years for 
girls. 

Entrance is generally secured by either examination or certificate, 
nfthough a few admit by examination only. The work iu mathe- 
matics in 'the different schools, while showing a considerable varia- 
tion, differs more in degree than in^ subject matter. A majority of 
the schools present arithmetic of some Sort, under the name of prac- 
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tical arithme^c, farm accounts, bookkeeping, mensuration, etc, 
Practically all include a reasonably good course in algebra. Well- 
known texts arc used and a fair amount of time allotted to the 
subject. The same may be said of the course in plane geometry, 
V while a number pay attention to the applications as w^ell. Solid 
geometry is given in quite a large number of the schools, and the 
time allotted to the subject seems sufficient to do the work satis- 
factorily. 

In about % per cent of the schools replying trigonometry is given, 
and in a somewhat smaller number, plane surveying. 

The relativV stress placed upon mathematical dexterity, analytical 
power, accuracy, and logical keenness seems to differ widely in the 
different schools. A disappointingly large nuinher seem to put no 
special stress on accuracy/ ^ 

Owing to tho^ recent establishment of this type of school in tliis 
country the curriculum is yet in 'a forma^ve state. Undoubtedly a 
satisfactory course for these schools will j)o developed, probablv as a ‘ 
part of {he larger problem of industrial education. On account of 
its practical character and wide application, matheint\tics is sure to 
. occupy an important place in this kind of education. That tlie sub- 
ject matter, problems, and applications of mathematics to various 
industries can and should be much better presented than has been 
done in'' the past se<*ms obvious. 

SUPPLEMENTARY REPORT ON THE INDUSTRIAL SCHOOL 
OF SECONDARY AND INTERMEDIATE GRADE. 

Within the last decade the industrml school of secondary and 
intermediate grade has assumed an important place in our system of 
education. 

It has been felt that both elementary and secondary schools have 
made it too gerterally their aim to prepare tlie pupil for eventual 
higher education and have in consequence laid too little stress on pre- 
paring him for immediate vocational efficiency. To this may be 
attributed the sudden decrease in school registration at the end of 
' the period of compidsory attendance,' 

To satisfy^ this demand for vocational education of intermediate 
and secondary grade numerous technical and industrial schools have 
been established and are being established in all parts of the country. 

Ift order to determine the nati^re of the mathematicifr^ui ricula of 
these schools, and^in particular to determine whnt mathematics their 
authorities consider essential for industrial efficiency, the following 
circular was sent to about 40 schools listed in Bulletin II of the 
^ National Socie<^y for4he Promotion of Industrial Education: 

L What Is the math^atlcal preparation required of a candidate fbr admia- % 
alon to your achool ? ‘ 

^ ^ommlmion 00 . T«Aidcal Report, 1006. 
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II. What textbook, If any, do you use In each branch of mutheuiatlcs taught 
• In your 8clio<>IV 


^ III. Is tli6 niatlionihtlcR In your st^liool siinilni* in Kc’op(*. oniittMit. niid luetboil 
to that In the ordinary Hcadeinlc sccoudury school? 

• I\. If It Is not. Is it praotinil, upiilltHl, (>r shoi» matheuiaticsv 

hat topics, parts, or siiIhIIvIrIoiib (tf iilpebra, ueoiiictry. nrithiuctic. etc., 
do you include In your course In inathematlcsV 
\ I. How much time (hours n wcH.*k, weeks n year, and years) do ymi devote^ 
to each brnncli of uuitlieiimtics? ' 

\ II. Can you furnisli me with n few spe< lmoi' problems usi^^l by ymi in Uie 
various branches of your practical mathematics? 

VIII. Could yoti send me specinien examination 'pn]ters which you have set 
for your classes In the various brunches of mat hematics 




Replies to these questions were received from 21 of the 40 schools. 
It appears from the answers that of these 21 schools ijare of collog<‘ 
^^rade, and hence need not be considered here; 0 are high schools of 
the usual type, listed as industrial ^hools hecau.se they offer a certain 
amount of *-hopwork; 2 are schools for apj)rentices ; and the remain- 
ing II are really industrial sclnads. . 

The replies may he summarized in part as follows: 


r . — Preparation for entrance, 

Xumher 
of srhoolM. 

No prepnrntion required for entr.-meo \ 

Knowlo<iKe of the fundamentni o]ioruti«ms 2 

Mnthoninti(‘R of the first six Krndes of tlio <*Icuicnt:iry sclion). . a 

MathenmticR of the first eight grades -j.'j 


IT.- - I se of trxf-'i, ' ♦ 

, ( 

It appears that a number of the schools use no text in certain or 
in all of the subjects, hut that when texts are used they are*of the 
type employed in genenil secondary schools,^ The results in detail 
are as follows : 


Subjoctfl. 

.Vumbor of schools using- 

N’otRxt. Tejct. 

Total. 

E loroontary al^bm 

S 11 

(1 : 10 

1 : 4 

.1 i h 

4 

ly 

h 

in 

4 

* 2 

Plane Koometrv \ • 

Solid (toometry.* I 

Plane trigonoracto* 

AdVBDoed alfebra 1 

Elementa of bookkeeping - 1 

. • ^ 

1 



III . — Scope and conUwt of course, 

the schools aim at including in their course the mathe- 
matical work ordinarily given in the general secondary school. They, 
ordinarily give in addition instruction in such matters as" percentage, 
mensuration, and the use of formulae. 
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All claim a scope iind content of course inon* <’\tensi\*e than tiial 
of the^enehil secondary school. 

I\ . / ,’ f hr truf !.- pt'iif't'if'ul ^ or shf>j> mat ht^ innt ica / 

The sell (jols all claim that it is <‘miiu*ntly 
\ 1 1 . Prohh ntx. 

There is a marked ditTorence in the character of the jirohlems suh- 
initted l*v schotils winch arc imu’cly ^tmeral lii^h sclHJtds|)iith shops 
uttachetl and those which are essentially industrial schools. In 
schools of tile former class the f)rohlems ai^e for the ‘most part similar 
to those found in the mathematical tests us(*d in general secondary 
schools. In a lonfx list of jiroiilems snlmiittetl by a school of this 
class, the iieaivst approach to an industrial pDihleni is the following: 

‘‘In a hexagonal iint the .distance across tlu* flats is U times the 
dia'ineter of the holt phis i inch. The thickness of the head is onc- 
half the tlistance across the flats. A hexagonal nut is '* of an inch 
> on a side. Find the distance ai’ross the Hats, the approximate 
diameter pf the lx>lt, and the thicluiess of the head." I'he problems 
submitted by schools of the latter class are apparently drawn from 
industrial jiraetice. They involve, however, no nuithemalics beyond 
n^isurntion and the aritlinieti(‘ of the element a r^^ scliools. 

If one is to judge tlie mathoniatical^ieeds of the secondary indu.s- 
trial schools ^i\ the basis of th<* problems siilmiitted in niiswt'r to the 
questionnaire, it seems tlmt direct use is made of little mathematics 
beyond aritlmtedc and (‘ertain elementary facts of algebra, geometry, 
and trigonometry. Xeverthele.ss, these schools ^jjpaivntly (‘over the 
traditional mathematical cniTicMilum of the secondary school. It 
would appear tlmt in the present early stage of their evolution the.S(P 
schools have not \vt satisfactorily adju.sted the contemt of their 
courses to the eoncrete externn^leniaiuls o( the shop, on the one Imnd, 
aud the more ahstract internal recpiireniont.s of good pedagogy, on 
the other. There are eertnin problems frecpienily arising*in niacliihe- 
shop practice which do not appear among the problems submitted, 
t)ind which require for thorough comprehension nnich inoi'O than the 
usual nmthenmtical course of the secoiTtlary .school. The operation 
of “compound indexing” on the milling macljinc retpiires the solu- 
tion of a linear indeterminate* Equation. Ci'rtain operation^ with 
the sbro.w-cutting lathe require the approximate representation of a 
given rational or irration al ^ iml>or by the^'convergents of a continued 
fraction and the determination of the error of the approximation. 
The fact that such convergents give the best appmximation obtain- 
able by ;neans of rational fractions of denominator ndt exceeding 
that of the convergent is of prime importance here. Not only this, 

. * but the following problem o^en arises: Tja; express with as great 
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approximation aa j)ossible a given irrational or rational n’^iber by 

Ti ih 

nieansof a product, -- • pf rational fractions in which 

are comparatively small integers,^ 

In certain industrial schools mathematics, though definitely in- 
cluded in the course of 'study, is not taught as a separate and distinct 
subject. It is simply introduced as the student happens to strike ^ 
some phast" of work in the shops or drafting room which reiiuires 
the knowledge of a certain fact. The fact is bn>iight 9ut for his 
immediate use. In tliisvvay he obtains his mathematies. 

The question now arises. How much of this instructipn is valu- 
able? ' How long can. tin? student, so* t a light, i:etain the knowledge 
of the facts given him? Can lu\ moreover, appreciate the facts 
brought to his attention? - ^ 

In the fii’st place, such instruction can hardly develop any orig- 
inality oil the part of the pupil. In the swoud place, he has not the 
apperceptive mass, from which the various mathematical facts and 
relations ran he ilra^vn out. At lx*st, he can only he made to see that 
the stateinentsA-m^de to him are plausible. At most, he sees only a 
glininier^if light, and then conies total ilarkness. When one realizes 
how (lifficnlt to most pupils are certain propositions in geometry, 
what must one's judgment, be upon a method of teaehiiig which tries 
to impress merely isolated inatlieiimtical fai:ts uppn the mind— upon 
a mind, moreover, which has not been prepared by constant drill to 
recog:' ize hituiti\elv niatlieinatical relations. The comdusion must 
be that such teaching ran not give the student power or lasting 
knowledge. Often no better teaching can Ik‘ done on, account of the 
lack (>t time, hut such teaching should not be designated as instruc- 
tion in mathematics. 

* In conclusion it may l>e. said that in schools in which matheniatios 
is taught as a distinct subject, the |purse has not yef been developed 
which will provide thorougli and adequate [ireparutioii to attack with 
full understanding the problem of the shop. It is doubtful whether 
such preparation can be supplied, with much less attention to, the 
formal and logical element than is now customarily given. 

The instruction in scliools which have no separate mathematical 
course must, in its present condition, at U'st (>e regarded as 3U 
undesirable though possibly necessary concession to the demands of 
a brief course. 

The problem of constructing a course which shall be both mathe* 
matically and Industrially satisfactory is as yet unsolved, largely^ 
for the reason that the schools of both types are as yet only in an 
experimental state. 


^"A Practical Treatlae on 
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